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The Relative Responsibility of Physical Heat 
and Micro-organisms for the Hot Weather 
Rotting of Potatoes in Western India. 

/or bhc<iho7f nv M ^InrCh J0Q3,) ^ 

The Tsiorage lots of potatoes have hooii iinflei\sf\uly at Poona 
for Kovoi’nl yeuts pa si and llie iosiiUh of paid of flie woi*k done 
up to 1020 have hecn published in Bullptin No. 102 of the Bom- 
bay Agricultural JJepaihncnt/* Among the conclusions reached 
by Ihc auihoi.s (Mann and Nngpuiknr and -Toshi^i “) aie the 
following: — 

(1) A lorni of lot rhaiaotcii/ed by a darkening of the libsue^, 
softening of the fle^-h to n pul]), exudation of lyatciT 
mutter and foul odour, is the most impoilnnt muse of 
lo>s in storage in AVostei*n India during the hot 
weather. ^ ^ 

(3) Tins rot which occurs suddenly and causes wholesale de- 
stnicliou of tubers in the hot welithci at (eihperatures 
:it or above 100® P. is due to jihysic.il heat alone and 
not to any pararile. The name heat lol ** was, there- 
fore, given to this ioim of rotting, 

(‘5^ The hyiuplonis ot '*^ 1100 ! rot ” arc a variation, shown hy 
the linliau while lound variety of potatoes, ot the 
/lymptom described u-' '^hlaolc heuif of potato tubers 
by American uorKeis, 

. (4) That '^lient lot ” cim he jnevonted hy reducing the tem- 
po nluie of storage to 00® F. 

" The type of rotting alluded to above aB^^'heui rot*' liud been 
previously fipokch of hy Iho workers ut Poona as 'Milock a 

H. ond JCftKimilcor, S. IX The stmutevof'lSotfttocB. Bomb. BevL ot 
AqTl.BxiMNo. 202, (ot 1020), CIj. IX. * V ^ 

* Mann, JI. TK, tind 11^ M, A Ohoniiool Study of "IJefttnot” or Black 

Fcarfc’* of Potato.” to Bo>n6. J)ej}L of Agru JiiilL “No, lOZ (of 2920) 

“♦Thd term ” block rot'* w&h Bul)scquon(l> found uflcd in AniorJcaii litoraturr to 
fWsimhe VAiioiie kind'i of mijiinco ‘Stem end rot ” nud field dt^'rotuhiolt occur in the 
field 'ind^not in atornffo in ulneh tho decayed tifsncs me ncnily black in colour 'alien tlio 
tiiberatiro takon from the field. Tliift ia, hoiie\ei, cnmnaintholy n diy rot. Sec paper 
on A Wit»tn/*a field rot of tho Irish Potato fnhei oansod hv Xit»artUin tadicttola *' hv 
O. A. Prntk tf. A, Jour, of Agru Vol. VI, Xo. 0, lOio. 
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HOT WEATHER ROTTIKG OF POTATOES 


term wliicli brought to mind tlie striking, blackisli discoloration of 
tlie tubers above referred to. Tbe almost constant association of 
a sclerotium-producing fungus with the black rot ” was referred 
to in Appendix J to the ^*Anmial Report of the Depaiiment of 
Agriculture, Bombay, for 1918-19,” where also alhieion was made 
to the differences between black rot ” and ” black heait ” of 
Jbe American authors. Mann, Nagpurkar and Joshi were, how'- 
ever, apparently very much impressed by the statement of 
Bartholomew that a blackish discoloraiion of the flesh of the 
potato tuber could result from exposure to temperature of 38® — 
46® C. tlOO’4® — 113® F.) for 14 — 48 hours without the inteivention 
of micro-organisms, and, although in the experiments they made 
with the Italian vrliite round variety of tuhers, they did not get 
the typical hlacic heait,” they seem to have peisuaded them- 
selves that the different symptoms which were developed in their 
tubers were due to diifeiences in susceptibility to typical ” blade 
heart,” as previously suggested by the American authors regard- 
ing Amciican varieties, Mann and Josln’ lay speeial stress on 
these differences in the following statement: — 

The original description given by Bartholomew in 1913 is 
absolutely accurate so far ns some of our potatoes are concerned, 
but we would specially dinw attention to tlie great differences that 
exist between reaction of different varieties to the temperatuie 
factor and hence to the produefion of heat rot.” 

Impressed, no doubt, by the wide departure fiom the charac- 
lerislic symptoms of the American black heart,” the authors 
have suggested the alternative term “heat lot ” foi what they 
believed weie purely heat effects on the tubers they experimented 
with. 

The strikincr differences between American descriptions and 
liguies of “ black heart ” and those of “ heat lot the constant 
occurrence of bacteria and often also of fungi, particularly the 
fungus Soleroihm sp,® (previously known as 'RMzocionia Solani in 
India), in potato tubers sent to us as showing heat rot ” ; and the 
occurrence, in our experience, of this t^e of lolling occasionally 
at tempeiatures lower than 90® F. (1?1. 1) necessitarsd 

a closer enquiry into the nature of the 

* Manil And JosW 7’5 p 113. 

2 Wo aro indebted to Er E. J, Entler, of tlie Impctinl Bnrenu of Jfvcoloirj', London 
((Cow), for informing; na tbaf^tlip funirns liitlicrto known in India aa Hhizocioma Solani 
IS toaUv An und'^s-ribad fim^os and tliat the one known ns Uhtzociotiia in this , 

'*adT\try is identical with Srlerotinm RoT/aii. * 
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Tubers Aowiug this *fype of rotting were submitted by one of 
UB (S. L. A.) to the Imperial Agriciiltural Bacteriologist, Pusa, 
for examination in March 1918, and his report staled that the rot 
was clearly due tb the same or very similar organibms to those 
already found by him in rotting tubers received from Poona in 
1913 and destTibed by him in 1915 ^ These are common soil 
organisms and probably always present on the surface of the 
potato tuber. In view of the statement, howe^'er, of Mann and 
Ifagpurkar and Joshi* that they " made experiments to see whcthe* 
we had to deal with a parasite’* and their conclusion that *^we 
had to deal (in the case of heat lot **) not with an ordinary 
parasitic attack, whether by fungi or . bacteria, but with some- 
thing which was intimately connected with the lise ol tempeia- 
ttire,” it was considered necessaiy to determine accurately the 
relative responsibility of physical heat and of tlie associated micro- 
organisms in the causation of the rot described as ''heat rot.” 

The bacteria concerned having been previously studied by 
Jlutchinson and Joshi, the work presented here was limited to 
testing the action of tlu-ee of Uie fungi found most commonly 
associated with potato rots in Western India and of heat alone on 
potato tubers. 

The general plan of fhe experiments carried ont in this connec- 
tion was as follows: — Tubers of Italian , white, round, variety, 
looking perfectlj' healthy and uninsured to the naked eye, were 
selected, washed with tap water to remove all adherent soil parti- 
cles and were steeped in a fungicide ffor 30 minutes in a 2 per 
cent, solution of copper sulphate or for 2 hours in a O’l per cent, 
of mercuric perchlorido) and dried. These were then divided into 
convenient lots, each of which was submitted to definite conditions 
of temperature and infection by an organism. The usual pre- 
cautions were taken to ensure ns far as possible freedom ^roin 
infection by organisms other than tliat intended in the oxiieriment. 
All apparatus used, including the incubator, were sterilized or 
disinfected as often as was iiecessaiy. The inoculations were made 
(excej)t whore stated ollicr^yise) by inseiting a bit of a tpure culture 
of the organiAfii jnio,n pttneturo m^de on the tuber with sterile 
needle, > 

Experiments Kbs. Y, 2, 3/ 4 and 6 were intended to ascertain 
the effects of temperature from 05° F. tori00*4° F. (35° C, to 

C. M., and N. V. Mem. Depi. of Agri. Jud., BacL Ser., Vol. T, 

^ jNo. 6, 1015. 

and Nagpnrkar; !^^ann.^and Joski. lb. 
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HOT ^VEATlIEIt hoixing ot totatobs 


38° 0.) acting alone and in presence of tlie common potato loi 
fungi — Schrotum sp., Scleroiinm Rolfsii and Pusaunm sp. Thi^ 
paiticular tcmporatuic was chosen, as “ heat rot ” lias been stated 
by Mann and Nagpuvkai to occmr at teinpeiatmeb above 90° J?\ 
and moie eouunonly ul 300° P. oi abo-ve 

The following tables ghe the lesultN: — 


ExraniMnNi No, 1. 

J9th Mau fo Tlth J tine 192 J. 


hot 

Xu, 

I>Ulnfcc(i*d 

vnth 

TcmjHiratnro 

rnnstH Inoculated 

Xo. 

of 

tubers 

Xo of 
'sound 
tubers 
at end 
of OT- 
peri- 
ment 

Xo of 

rotten 

tulters 

Organunis found 

In rotten tubers 

I 



35” 3G* G. and 
kept in moist 
clmmliet. 

Selfnttum sp (in 
puncture ) 

0 

nil 



6 

ScUnltun sp ; bac 
tcrla 

n 



no. 

^c7t«ijupi sp, (on 
cyebnd, ti n • 
^rounded ) 

0 

1 

G 

Scleroiium sp ; liatj 
tens (nuanum 
in one case) 

in 



36”>3G‘ 0 and 
kept in dry 
chamber 

]Se2erot(ufjt sp (In 
puncture ) 


0 

li 

ScUroiuim »p ; bao- 
tcrii 

IV 


-Itcrcurlc 

pdclilotjdi 

Do. 

SeT'roifum fp. (on 

"CJO/') 

Q 

S 

1 

3 

Sdenixum sp 

I a 



Control to 1 . 


0 

a 

' 4 

Sclenhum sjt, and 
bactotla 

11 a 



Control to 11 . 


0 ; 

i ’ 

3 

Sderctium sp.; Tu- 
\ sarwm in 1 case. 

lUa 



Control to m , 

i 

j 

a 

I 

5 

, Sclerotfum sp, and 

1 bsctiali 


J 


Control to IV . 

1 

1 

i “ 

<1 j 
“ 1 


Sclfrottum sp 


R^marhs, 

Heat rot * occiu'ied wlioiiever * SclerofhtTti ^p. and bacteria 
wore plcsent; no rotting in the absence of tlio^c oignnisms; luelvc 
tubers remamed fevfecily sound after r.iposnrr lo 3J° — 3d° G. for 
23 days, Sclcrotinm sp, unaccompanied bjrfcbacteria caused di*y rot 
only; appaiently sound tubeis were found to ^harbour micro-or- 
ganisms whicli escaped suifacc steriliyatioii. The difference in 
moistuio made no difteiencc in tbc amount ol lotting in the 
diffcient lots. Lot la showed one case of tnie “ black heart.” 












HOX KOTTING OF FOXAIOES 
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Exi’ERIiCCNT jS’O, 2. 


SSncl to 26ih Novemher 1921. 


Jot 

Ko. 


n 

m 

TV 

V 


Bl^Infcctod 

\\Uh 


SCoppcr fiul 
I phftlc. 


lempeiatiiri 


US'* C« constant 

Bo 

Do. 

Do. 

Do. 


f ) > 

NO. of 
< I sound! 

No. tUbtTSNO. of 
I iiiiqiiB Inoculated of at end rotten 
tubers of o\- tubeia 
I I i^rj- » 

incnt! 


StieroUum ap, . I 17 


Sclcroinm RoJfsu j 17 

rusanumf^P caiu»« | 17 

In^ dry rot 

nil 17 

(tiibon punoinred i 
\7ltU a needle). ; 

nil I 17 

(tubt^ unpanC- ■ 
tuted). 1 


* "17 

0 

1 

0 

0 


Organism*; found 
Jo rotten tubcib 


^S&creiium tfp, nii 
bacteria. 


Bacteria oiil} . 


Remarks. 

Lot /, Blackening oi leuticels; dai'keiiing and softening of 
flesh; oozing of bio^vnisli liquid and foul suioll (sa symptoms of 
heat rot/') 

fjot II. All tubers ueie exlevnally quite normal and hard; 
four tubers cut showed u slight enlargement^ of the puncture, but 
the fungub had not grown appieciably. No eliunge of colour in 
flesh. — 

LoL III. No change of coloni in flesh in throe tuhers cut. (PI. 1, 
fig- 3.) 


ExiTiRIMENT No. 3. 

30ih Noiwvtber to JOth Deconher IStU. 







No of 


( 

1 





k 

houud 


1 

ioi 

No. 

DiMnficUd 

pith 

Xcinpcraturo 

runitii^ inoculated 

No 

of 

tubera 

tuben 
At end 
of ex- 

No 0 
rotten 
tubere 

Orgaupins lonnd 
in rot tciitubcrs 






prri- 







ment 



1 


C.eonslani. 

Sclero^iutr pp, , 

10 

0 

10 

Boctcrla only. 

U 


do.:j 

Jiolfsit 

' 1C. 

7 

0 

SclfroltHtn f?of/«i( 








and baeirri*!. 

ill 

•Coppi r sid- 
pliib^ 

e " 

1 ho rdt I'iCiUnm 

1 10 

[ 

0 

10 

i Uirtrtum bp and 
bacteria 



Do. 

/ 

Nil (tiibcwlpuiic- 
tured). 

10 

1 

13 

Butctla bh)}.' 

V 


Do 

Nil (tubers un- 
punctured). 

1C 

1 

16 

Bacteria only 
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JIOI WrATIIhU 3J0JTJN0 Or I'orATOtS 


Rcmarhs, 

Lot 7. Tubi'i** blaclcoiioil, pniily or wholly accuiding to degree 
lotting; ilcdi soil and piiljn ; Inowti liquid uo^iiig out; ioul odutu ; 
fief'll pink, pulc-yeJlow oi dark w]i<»n frefihly cut; oji expostntf the 
pale yelloAv turns i)iiik and the pink hccomo& black. 

IM Z7. Symptoms of v/cl xol shnilui to tUoi^c in Lot I: iio bluck- 
oniiig of the jlosli and no wol lot in the hvp tubers with only 
Svlcroiitnn Itolfin in tlieiiu 

*7jot III. Wot 3oi similar to that in Lots I and II in tlios 
eases wliioh had both Imeiotiu and Fvsartuvt; no elmnpo in eoloui 
of the flp'*h in tubers showing Fasanvin only in the pait free fiom 
infect ion. The Iiingu*» acting alone c.ium's only diy lot. 

Loh JV ondV. Wot lol .similar to that in T, II, and IH. Con- 
trols infected in apilo of all precautions. 

ExpmiMiOT No. 4. 


Jsl to J0(h Dcccvthcr 19SI. 


1/>1 I 

>0 vlth 


iiiwi** Tllllft 


> 

iFiinss^ JnoculittcK) 


Xo. 

af 

tnber* 


Ko oi] 
to md 
lubcw 


Xo. or, 


lit fndwttcn 

! ot cx- ttji en 

I JVfl- 

Itiient 


OreAnUTAS (ouid 
li rotten tubers 


1 

i Mftxlmnni 71* | 
1 l\, mlnltuum 

1 ro a i , < 10 *- 

SsitTCitU 11 Bp. 

1 ! 

IS 

11 

1 1)0 
•rop^traul 1 

Achrc*ht”i 

Id 

0 

10 

iU 

! Do. *i 

1 Drs ivt rt*f ttiim 

1? 

0 

1 17 

IV 

! Do. • 

> 

\ Ml (ftncfurcdl ; 

16 > 

IS 

O 

0# 

V 

1)0 

' 1 " 

Xtl (not nunc* 
tnred). 

”1 

Id 

D 


Scifro*Utm »p. nnd 
bACtCTh. 


Sdercf%ujA LoJfiU 
and hncterln. 

/uf9ri!im up. 

Tutnnujn Bp 


' Rcmarlcs. • 

Lot 7. One of the i otting hibersTih ving both fungus and bacteria 
show^ed all the symploms of "heat rot,”>iJfV.> pink or black dis- 
coloraTion and sottening of flesh, brown liquidi6o?ang out and foul 
smell. Note iJic loic temperaUire at ^oliicli these symptovis 
occurrei. The fiuigus unaccompanied by bacteria cause*! only n 
dr3* rot. 

Lot 77. The lot had just begun to turn wet in the two tubexs; 
no blackening of tissues. 









1101' n’umrjjt uo'ii'im» or poxatoes 


> 

1 


Lol III. 1^0 black<'nin}^ of tis^^uo'^. 

Lot IV. Taifeclion witU Ftmirivto u\ coiiirol lu ''piu* of all 
prpcaiitions. 

A^/>, T3)(* i)anolm‘os in tiu*. and lUs f lUtjwinj'' c\p rimoiiM w«no c! »•* d ni cvny 
r\*‘C with )>\rUl]n prevent any hulhor win ul infection. 


ExmitnirxT No. 5 . 

LJth to S 2 nd Deocvihcv 1921 . 


IM 

i:o 3 

t 

JDMiifutcd < 
With ! 

iLiniiiTAttiro 

i 

rorutH InociihUcd | 

i 

t 

1 

Xo. i 

ot 

Kft of’ 
loiiad 

tulirrt No. of 
M cud rottrn i 
o(ox- tulen 
I»rl- 
intnt 

1 

Onauhtn^ found 
lu rottLn tubers 

i 

■■ 

caubtant 

.S^'ltfOUUM '(p 

10 1 

”1 

10 

5 c?<To(funi Bp. and 
bacteria. 

n 


Uo. 

. 1 
ScicroUvm Ilotftii 

] 

1 

10 

1 

& 

5 

iSc/tfrohum JMJeiit 
hnetena and^e/c* 
rofitf Bp. 

m 

»GopiH.r sut- 

Do. 

Dr> cot TiManuru 

^ 1 

10 


5 

l^ifrariunt bp.; b*io* 
t terla at u jSTcIb- 
, roNion sp. 

..7 


Do. 

1 

Mil (tuhem i>it»c - 1 
tuced) 


OJS 

4 

Scleradum sp.; bac- 
taK. 

V 


i Do. 

f 

1 

XIK ^not steep* ; 
cd In copper BUI* 
pliAto Bolutlon; 
punctured). 

1 10 

1 

I 

si! 

! 

1 

i 

jSeferafh/m fip«; bac* 
teria. 


Remarks. 

Lot 1 . Tke roi^vas wel only in tho presence of bacteria and in 
ttdvancert stages showed all llic symptoms inoUided in the toiiu 
“lieatjot/^ 

Lot 11 . Sclerotivm sp. was found in some of tho infected tubers, 
nlihough not oiiginally inliodueed. Tliis fungus was found only 
ijj those tubers that showed external blackening. 

Lot III. The inoculated fungus had not grown in the five 
itibers that remuinod sound. The othei five showed blackening of 
tlio skin and fle^li associated with Sclerdtium sp. and oozing of 
brown liquid with foul smell in' some cases. 

Lot /F. Blackening of skin -and ftesb associated with Sclctoiium 
in tliroe tubers ^ \ \ ’ * t ' ' 

Lot V. One oniio tubers hhowing Schvoihtni sp. and bacteria 
lad soft flesh wJiich was pinlc when freshly cut and became black- 
ened on exposure. 

^ N.'B, Tho appcarancp ot t^derotivvi n\>. in Lolq IT, III, IV and V aiiggcslB thnt tho 

tuboro in thi«* p*^porimcnt wore porlmps Mrcndyinfcctc^uith this fungus though fcho 
fungus cf<cnpod notico as well t\n tho smfitco siorilization. 
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K vrill br soeii iroju Ibe'^e results' that W'licncver touiperature 
nJoiic* has acted, there has been no loi even thmigli the tuhcia liad 
hpcJi oxpo^od to 38° 0. 1<« Izoin four to Ion days. Symptoms of 
*“ hwit ltd ** oteun^ed only in iho piesoiico of micio-organism**, ami 
Iheii occurience in E\poihneni HCo. 4 in Lot 3 at the Inu tenipeia- 
turo (bclwoon 10° (\ unM 22° G.s-G0°-7J° h\ roughly) shows 
that tompexaluio raunot ho the pihnar> cuxi^e of Ihese b^anploiiis. 

It wnll bo also seen hoin Iho above icMille, parliculnily from 
lliosQ of Expel unont Xo. 5, that thoie is reason to suspect tlie 
oxiblonce of proAious infection even in appaiontly sound tuberfi, 
especially with the fungus Sclcrotiu7n sp. In expeiinient aftei 
o^perinient in the coui^e of our Avorlc on potato Jots ihis fungus 
apjxoaied in tubois selected as uppaienily bound and iicalcd Avitli 
(.oppci sulphate oi morcurie ]iDieb1oxidc to dcslioy an}’* suifutc 
infection and thus confirmed the btaleinent of Mann and Joshi' 
that it is often dilRcull, if not inipo«;siblo, to eliminate Rhizoc- 
tonia fungus (E. iSolani) ^^lneh often glows, in bpile of all surface 
sleiilis^alion, just xmder tlio skin/' TJio picsonce of this fungus 
and of bacteria, Avhieli e‘‘(npe buifaee steiiliralion of potato tubcis, 
'•eems to liaA’c Iciigcly A’itiatorl ibe jc^ults of Mann and Jodii'-' noi'z 
on “heat rot" and makes it extiemelv difiicult to study' satib- 
fttctorily the puic heal oficf't. Hut the ohNoiwalion that all the 
fungi conceined, ineluding sp., practically cease to grow 

at tiie teiupernlurc of 40° i\ made it possible lo exclude their 
action and also to n largo evioni of hactcria, the optinunn tcni- 
peraturo for giowth of the lot-cnu&ing ones being hclou" 40° C, «s 
found by ITutcliinson and Joshi/ To deteiminc the effect of 
heat alone, thorofore, Experimenis Isos, 6 and 7 A\eic made, in 
which lubors woie Mibjectofl lo tenipcialures of 40° C. and 41° G, 
(t=: 100*4 - 105*8° P.) nith and nithoiit inoculation Avith Sclcrolinm 
b}u which had been found to be ilie most commonly associated 
fungus, ill addition to bacteiiii, in case-^ of " bent lot." 

In Expel iment No. 7; a modification avus made to dctciminc the 
eftect, if any, of subjecting tiibeis to the high icnipcratuic of 
43° 0. (105*8° P,) for four days and then icmoving them to diy 
ami moist conditions lespcctiA'clv at iho Ioav lahoinioiv tcmprin- 
tuies of 1G° G. to 22° 0. (^G0°^T1° P. loughly). The idea 
Avas lo imitate the conditions supposed 'to be hiouglit 'about by 
aurldcn liscs of Icmpcraiuro in potato storage Iieaps due to high 


an*} Josbi /^,p 111. 

* Hutdunson, C. M., and K. V. 36. 
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summer temperatures prevailing for only a few days and the sub- 
' sequent i^eturn to normal, coinparativelj’ low temperatures, and to 
determine if heal as such acting’ intensively for a short period 
could bring about any alteration of the tissues of the potato tuber 
which could he locogniml as ^^heat rot,.’! Sonic lots were also 
dipped ill paraffin. to eomhine exclusion of air with heat action, 
ioUawfiig 3faiin and i7os/ii who had ti'eaied of then ivho 2 ^ .. 

in this manner in their study of ^Mieat rot.*’ The results arc 
given in the following tables: — - , 

EbCPERlMONT ^*0, 6. 


21st Janitan/ to 4l1\ Fehma’iy 1022. 



'Remarlfs, 

Lot i. Dry lot only when Sclc^oliuvi sp. was alone present, 
Plackening of lenticels extending gradually over the rest of the 
skin again occunod in association with Sclcrotium sp. ; syinploios 
of heat rot occurred whenever bacteria ^wero present in addition 
to thp fungus. The four sound tubers u'crc^^j amoved from the 
incubator on 23rd, 27th ^and“ 31sl Jauuaiy and 2nd Februaiy 
respectively, the lost one ^remaimng noimal after twelve days' 
^.zyoswe to 40^ C. - ' - ^ i ^ - 

Lot II, Sldn * of tubers blackened ; tubers showing vaiying 
degrees of softness only when bacteiia were present. Q^hc four sound 
tubers were removed from the incubator on 23rd, 25th and 27th 
^ tlanuary and 2nd ITohruary respectively, The-la^l one thus re-- 
wained normal even after twelve days^ exposure to 40^ C, 
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f^oi IJl, Blnekoiiinsr of slcin aiul flesh in nil tubers ; soCloiiLng of 
flesh occurrefl only uhcn bacteria were piesent in ncldiiion to the 
iungus. Of the bountl tubcis two woic removed from incubator on 
23-1-28, two on 2^5-1-22, one on 2T-1-22 aiul one on 31-1-22. The 
id'it onr, theicforc, remained norjnal after nine dnj/s of e^iwnre 
to m C. (Plate 11, fig. f).) 

f ’ ^ p 

ExiT.ni^iENT No. 7. ^ 


2»drd Fehnjaei/ to IGih March JD22, 
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JR c marks* 

Lot i. Hound lnl>eis removod from inonbaloi on 4-3-iiii, 
alter nine days^ exposure to 41® 0. ; the inoculnted fungus made no 
growlli. 

Lot /dr All the tubers had lemainod perfoclly hard and nov- 
Tnal in appearance till 2T-2-22, after four daj's of exposure 
to 41® C*; on lj(5-3-22 they all were rotten at low room (empei'o-r 
ture, ihe rot being a wet one and showing nil the symjdoms of 
*^heat rot*** 

Lot Ih, Same remark as for Lot Yd; tnher*' were all sound 
up 1o 2t-2-22 and all of them wore found rotten on 13-3-22. 

Lot Jl. Tnhers xTiunined sound and nmmal till 4-3-22 when 
they were removed from incubator; exposure to 41® C< for nine 
days did boY eause any rotting or discoloration in ibc absence of 
m i cro-organi sms , 

Lot 11a* Ifo ebange in tubers ns long ns they weie at 41® C. ; 
rotting similar to fbnl in Lois \a and iL 

Lot JIh* TSo ebango in tubeis iintil lemoved from ineubaiov; 
lotting similar to that in Lots T and Ih. 

Lot 111, The two sound tnibeis were leinoved from tlio in^ 
eubafor on 24tli and 25ih February xespecfcively and showed no 
abnormality; tbe others blackened from the fourlli day and drops 
of hiown liquid were exuded from loniieels; blnekening of flesh 
cccnrrod, but ibo softening was not very pronounced on 4-3-22, the 
date of cutting. 

Lot 7F. Eleven tubeis lemained normal till 4-3-22 wbeu they 
uero examined. 

Lot JJIa* Tubers examined on 4-3-22 and 6-3-22; hlaclconing 
ot tubers exteruilly imd infcinnlly; flesli so/lened, 

TjoI lYa. niaelceniTifi; of lonfioelt. and Kj'uipioniK of “ lieai ro< ” 
in some tubers. Xoto flio low.temperafure at Trlucli nie«ie occur. 

It will be scon from tbi* almvc that polatn tuber.s may remain 
])prfecfly sound and normal oven after expo^tire to temperaitirc of 
40® 0. for twelve days and In 41° 0. for at least nine days if niierol 
organisms are .successfully yxehicled and if Ibc tubers are 'originally 
free frbm infection (PI. T,‘fig. 2), Tlie development of fiolerofiitm, 
sp. in Inbers not deliberately infected witli it again points to widd- 
spivnd infection with ibis fungus of apparently sound tubers and to ' 
tbe difficulty of excluding it by surface Sterilissation. Its action is 
seen lo-be entirely inbibiled, however, at 41® 0. as shown by tlio 
•l^baviouT oi Lois I, TI, 111 and lY.in ExjliVrimeni Ko. 7; any ipt- 
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ting taking place at 41^ C. appears to be due to bacteria alone 
The belmvioui* of Lots la, 11a, and II6 in Experiment 7 is parti- 
eulaily inteiesting. Jn all of iliese the tubeis kept perfectly nell 
foi foui (lavs though exposed to 41® 0. But on removal to labora- 
toiy temperature there was considciable lotting, but it is to be noted 
that this occurred only in n^^sociaiion with micro-organisms. That 
Ibis could not Jiave been due to any purely heat effect apart from 
the action of bacteiia is shown bv the five sound tuheis in Ila and 
tluoD sound tubeis in Hi whieli had been subjected to similar heat 
aelioii but had leinained fiee fjoiu mirro-organisms. 

The moist or div conditions in which these lots weie placed after 
exposure to 41® 0. did not seem to mako any difference in tlio 
ainonni of rotting which seemed to bo related rather to the amount 
of pievious infection. 

In the case of Lots ITT and IV which hud been dipped in 
paiaffin and exposed to 41® C. the symptoms described by Mann and 
Tosbi^ in their similar exporimeiits weie noticed in some cases but 
not in all, and in ever 3 ^ case ■where softening and lotting of the 
tuher oeeurred bacteria wer#* cleailj” seen in the tissues (PL I, fig. 

In all the above experiments it was rather remarkable that the 
hue “ hlack heait ns undeislood hv Bnitholomew and othei 
Ameiican writeis^, ** was not pioduced except in one or two tuhers 
(PL TT, fig. 6) in tlie variofv ve worked with (Italian white 
lound, such as was available in the Poona market in the season of 
1921-22 and which was desciibed lo us as the pi educe from the first 
lof of Italian seed tuheis imported into India after the war). In 
Older, therefore, to see if the hue “black heart” is produced in 
any of the other varieties available by simple exposure to high 
tempeiaiures, eleven varieties were subjected to a temperature of 
42® C. foi from hvo to nine days. The typical ** black heait” was 
developed in the^case of some of the varieties (PL IIT, fig, 7) hut 
not in nlL"* In none of the eleven varieties, however; did any rot- 
ting oeeur even after expo'iur^ for, nine days at 42® C, and no 
organisms were^fonnd and the tubers remained noimal externally 

I \ , y-' - 

^Mann and Josiu 76,. p, 1S2 ^ ^ 

*BaTtliolonicw,-'K’''f, Vol. nT.'U'lSO'.TOlU; A pWliological and 

plneWofrical studv ofjtho nincl Hcait ol PohtA Tobera Ocvirhl Fitr, Bali , 4^ Bd . 

Ko. 19-24. 1915. pp. 609.059 • " ' . 

^Stpwarl and AT. T, Agrt. Bxpt, Fia , BvU 1917. 

^ *Thi»i ov]>erionco is not in atrrccxneni with that of Bartholomew who, ci^pennientii^ 
wdth sKtocn varioties. conoluded tint all %ariotiea of the potato, when <iiibjortpd to 
tomperature of 3$.4S°C* for 15 to 20 bonis, w oiild develop ** baltlc heart ” Bartholomew , 
E. T. Loc, ui. 
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niul iuternnlly (cxc*ep<, of f’ouist', in iho case*? of blarh heart 
this lesuH ogaiji showing that jnicro-organisnis and not lieat are 
the prhnovy cause of potato lots. 

In <Iistu<-aing the ottecii» of simple Iicat unaccompanied by micro- 
oigani''m'* ii is iclevant to vtnte Hint the experience of Mann and 
Toshi, that nl fit)® 0. rhnngeh oecuned in the li^^sues of the potato 
tuhei ieguKu’l\\ cuii^iiig ihexu to soften and blacken and rot in 
about Jy daj>/* oec lined to us aho wlien we were working at this 
somowhai low fein])eialure (Exporhnent No, 1) Init the jotting, 
ihougli gpuevnl, did not occur in the case of every tuber, and even 
^[ann and Joslii* record the fact that ** one or two in every set of 
twelve (tubnrs exposed to -'lO® 0.) remainod hard or rather inerensed 
in hardness/^ 'Phe tubeis lliat reniained sound in our exporieiiee 
although exposed (n about HG® C. were found to be free from fungi 
and Imeteiia,, Mlnle those tliat Aveie lotten invariably showed hac- 
teiia and almost always the fungus .SV/irotn#in sp, also, Tt is 
^ leasonuhlo to supjjose that the one or two tubers ndiioh remained 
hard in ovejy sel of ivolve in Mann and »ToRhi*s experiments did so 
because they weie fiee fiom micro-organisms, while the others 
lotted because many ot them had admittedly the fungus (7?. Solani) 
and ])iesujuablv also baeleria, from the froqu^uit allusions to bac- 
terial activity in the descriptions and interpretations of thoiv 
Jesuits,^ The statement of Mann and Toshi, on the other hniub 
that ui dl® to ‘<3® (\ the dogonerntion (of potato tubers) was very 
rapid and withiu (no dtu^^ ilw* tissues uvre darkened and in G 
days the tubets wore completely soft and joHen was not borne 
out fn our experiment'* when and ns long as baotorin were success- 
ke]d out. To other words, no rotting ocvurred in our experi- 
ence apnil fjom miero-oignnisjus, nnd whenevei those were exeluded 
the tubers jomnined '|>raciicallr unaltered even by the Ingli tem- 
perature of *12® 0. The iurevciice. therefoio, follows that heat by 
itself in the absenei* of mierb-orgainsms is not responsible for the 
symptoms deserihed as heat lot.*' As o inntfei* of fact, these symp- 
toms have* rtctutt11v^‘heen more easily produced in our experience at 
tempeirttiires at or about GO® r/h^ltich is nearly ^the optiTnnm for 
the growth of the assoeiafcd*iuirio-orgapisms ihaiti at 42® 0. whii?h 
in above that optimum. Tl, Jig; 1 sbojvfi Ihc A^niptoms^Df ** lioaf-f 

'Mpiin And itoslii. /6., p. IM - ' , 

» For OTAmplp, flu' folloM inj? nf s In JlufK !S'ri, 702 ^ I*. 1 20, Tlio '■uddMi rise 

(in nmoiini of Aolublo matioi) nfUr ]«l rlnT <« nt a0*(\ K fln^ fo other nnrl 

\nrol)ably fo fhe prohortce of Iwolerial ink” 1\ ISi, “I’lie jinlnin v,!« snf( And rw(np 
^ beforo the 14tb dny niul 'no tldnl: (thtni^ib wo bnve im pi oof) llinf tbo Ulor ri«e In niUnuiil 
uj odtataMe is duo to nnlianco of baofothi,” 
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lot ” pioducod in Uilioi> Ijopt ut lul»t)in(oiy ii»ni]JOi^^turc not oxrood- 
jup" 8J® F. in tlio month of I'Vhnnity 11*22 in fon^'v^pionco of nttnok 
h^ niirj’ii-oi lattfV, tlioictoii*, and iwt hoai imtM l>p 
it'/rnMlod a«* iho Inio onu'^i' of t!u* M»-riillod ‘nioul lol/' 

Tilt* miK'lno^t^ of idi*ntif\inir ** h^'al lol ” with '* i>hiok lioaii *’ 
may nov ho hnVflj cotiMilinptL Th<» oii^yinal tlo^oriptinn^ of ^^'fipnl 
rot mid *• hliick ho.iit *’ aio quoted helon : — 

• f 

rrcnf JRnt\^ 

'^Tlu fle'^h of the potato, afenprally on oiu* side, loit *:omeiIine*« 
in ihe eeiitie, tnhe% in n fiiiiliOi ftnj^e- Tin*- ‘piejuU o\ei iumhIv all 
ihe tubei hetore any further npiiDiitimce h noted. Then nt any 
pari of the tuher. h«f often near the witre, a Mnall patch of dull 
dail eolonr appear^, M>ft to llie toueh'uml in xvlueh, idivionsly, 
degeneration of the eontenfv of the eelK i'^ t ihJnp plnco, \i a 
tempemtuie of C, the rhtin|;es to thi»* part usually take ahout 
six dnvK, ’Mo*'t of the potatoes at this '»tage have heroine soft, hut 
one or fx\o in oveiy ret of twelve Temained hard or rather mereasod 
in hnrdne^'S^ After this stnpe h renehed further degeneration ]h 
lapid, and hy the txxelfth dov the whole potato i-^ K***‘y’i*h hlaek in 
enloiir, xoy raff ami pulpy, often with watery matter norintr out, 
and it sIne11^ hadly,^* 


JJhi'l TlcartJ^ 

“Tlhirk heart ip the name propo'^ed hy llnrUudomew for an 
ahnoniKil londitiou of potato iuhers in uhuh the eenfud pm lien is 
dark hronn or hlack, Aiircted iuheiN 11103* uppeav normal extern- 
till v*, hut when rut oprn they show nn urea of dead hlnek t tissue 
opcupv’inp^ u large poitinn «f the iutfrioj. T?requeutl\* the iioiihle 
taken the form of a ca\itv lined with a ihiek la.vei of totiglu dead. 
hJaek tissue,’* ' . 

Tliw de*'Criplions haxc \%^xy little in roinimm. The American 
aulhoi-i do iml ullude to nny roiling in eonnertion with *‘1dach 
heart*** A comparison of the ficfute« of 'then! rot and *Mdaek 
heait ** fPlate TTTj, 8 and f)l dm'3< not suggest any sinulnrify' 
Vtwreu P-e two eithn. ' *JJn' mnlention that “ hes! rot is a ^ 
mne vaii'kiion of lluj Amidomv of *‘^h!:ick heaif evhihited In" a 
partieulor vnTict\' ser»nis hmdh-^fmiaWe'fnnsinneh ns true '’hhiek 
henrl** 1ms been' noticed in ^the Italian v.irletv^^in n few eases, 

” Bhiek 1 eait/* morepx^er.. fan he prorlueed in ihe i\h«-encc of mieio- 

^ Mann Jo^hu Jh , n. 11 4 . 

3^ .irrf* xVs, mi 7, a 
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organisms, wliilo lioat loi ** been to occur only in 

ilicir prcsonco- 

The evidence and arguments advanced by ^tann and Nngpurkar 
in support of their opinion that ** boat and not organi'^ms is the 
main cause of the- rotting may he very hriofly vonsidcred before con- 
cluding this paper, 

Mann and Nngpurkar state on 84 of theii Bulletin/* The rot- 
ting often comes 6u so snd^eiilj* 'ivhon the tein])oralurc rises and 
involves so completely a hag or a consigmnciil of potatoes, that it is 
clifRculi to hoHeyo that any or oven all the above causes (fungi and 
bacteria) were the main Source of the rot Avldch was liable to cause 
such tremendous destruction and loss.** The mere suddenness of 
the rotting should not be ihinatter of surprise to any one acquainted 
with the rapidity of njulHplication of bacierta, and it certainly 
cannot bo regarded ns sufficient reason to exclude fungi and bac- 
teria as causes of the rot in the ab*!onco of detailed experimental 
evidence. Although the authors state that '*t]iey made experi- 
meuts to see whether we had to deal with a parasite,** the very 
scanty detail*? given do not show that bevond ** burying sound 
tubers in soil with rotting ones/* nr ** cutting <ound tubers udth a 
Icnife iust used to ent a intting tuber/* nr ** wateriiur them with 
the wnterv oo:?in"*s from an nffected potato** anv efforts were made 
to test the parnsitisTn of the organifuns oonrerued, and even of the 
experiments iust mentioned no details ns in the conditions pf the 
exnerim*»nts or the lenofh of lime thev lasted, have hreu £»iven. Tf 
is, therefore, not at all easr to follow the authors to ti'eir eon- 

nr\ ritt»or 7? nreson^ 

and the ** black henH *• or ** heat rot ** is in no w'^v in inns 
irntehinsop and Joshi*® worh with bacteria and our ovui work with 
flic fungi have -proved the^arasiliRm of n numhe^r of fho orgnuisins 
assneiaiod with potato rots, and further work, ospeciallv with line- 
, teria, may prove the parasiliam of more. The possihililv of the 
ordiiiarilv sapropbvtie ojgauifims ‘beepmiin^* pntho^^enie at higher 
temperatures has also ^it/th-^ Potton and Tnylnr^ 

fifatc that the commoif-sftSr<<;5lVvii(^bneteria JifiriUm and 

7?. ntp known "to heeblfi^.pathoe^euic at.,n temperature of 

about 95^ F- to various plants, nmpuiijst othora tho potato. ^ 

Tn conclusion, tlio ^rncUcnl IjCOTfuf? of tljo rpsiill') of tljifi investi- 
pniion on tljo prolilom of notnio stoinpo in WoMont TnAia may ijo" 

I 

^Cnflon, A. B., and Taylor, IL V. Kneplenu'iil (Ko. IS) 1e tlm JouK Hoard otA^tu 
I/)Udon, ^taroli JOlO, p. fi*2. ‘ ^ 
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veiy briefly indicated. It lias been shown that the production of 
lient rot is dependent on the presence of certain micro-organisms, 
particnlorly bacteria, and not on whether the tempeiature of storage 
is above oi below 90® P. as previously supposed. The unreliability 
of the romnion fungicides — copper sulphate and mercuric per- 
chloride — as menus of disinfecting potato tubers has also been de- 
monstrated. In view of the optiintim limits of temperature for the 
growth of the bacteria and fungi associated with heat rot ” which 
are fiom 20® to 37® C. (68® to lOOp P. roughly) as found by 
'ffutchinson and Joshi for the. bacteria and for the fungi hy our- 
selves, it ^eenis desirable to still fuither reduce the temperature 
of storage (at least to 20® C =68® P,1 to ensure freedom fiom 
potato rots. 


SumrAiiT or conciiUsions. 

(1) Physical heat up to 42® C (107*6® P.) by itself acting on 
potato twhcTB continuourij for a period of at least nine days causes 
no rotting in the absence of micro-organisms. 

(2) The symptoms described by Mann and Joshi and Nagpurkar 
as '' heat rot ” occur only in the presence of micro-organisms, 
'especially bacteria, and may he produced at low temperatures 
(between 60® and 71® P.) if tho appropriate micio-organisras aio 
present. JPemperature, therefore, cannot be the primary cause of_ 
the so-calloA heat 

• (3) The idcntjfication of the black heart ” of potatoes described 
by Americaii "^'authors with the '^hcat rot” is shown to be 
incorrect. . V * 

(4) Different varieties of potala^^'differ considerably in su«5- , 
ceptibility to’ '' black heart on e^posiife to temperatiires^heiween 
38® to 42® C- Some may remain normal "even after nine clavs\ 
-exppsuia lo 42® C. coniinnously. ' " ' 

, l(6) In view of micro-organisms being the primarily responsible 
factor in the causation of ^*'ieat rot,?* reduction of the temperature 
"of storage to 90® cnn-^tStjtllo'ne^e-telied on to epitpfe freedom 
Vrom this form ^f fJiiinif, rf^^ifetdotfilynielieved, ' ^ 

(6)- Apparently sound ^potato tubers may harbour tho organisms 
* concerned in tho producrifan of '^hent rot and these latter often 
/escape snrface-sterilizatioiiL' of tnbers fungicides like copper 

" sulphate ;nnd 3neTcuric..gerc]doridc/ Tl^p fungicides, therefore, 
cannot be entirely relied on *to prevent flings iji storage. 



EXPIiANATION OP PLATES. 


' PtrATC I. 

Pig, 1, Symptoms of “heat rot,“ sottening and blacldsli dis- 
coloration of flesh and watoiy matter oOTsing out; produced at tem- 
perature not exceeding 81^ F. 

Fig. 2, Tubers fiom experiment 3fo. 7 of 23id February 1922, 
oxpo^ied to 41^ C. for nine da 3 ’’ 8 . 

Fig. 3- Tubers fj*oin experiment Ko. 2 of 22nd November 1921, 
exposed to 38° 0, for four dny^a. 

Lot I. Inoculated uitli Sclcrotitnn fip* (Nolo sj'iriploms of 
“ heat lot.”) 

Lot I]. Inoculated 'xviih Svhrotivm lioljsii. 

Lot 111. Inoculalod Avith diy jol Fusarinvt sp. 

Lot TV. Not inooulntcd. (Control.) 

Fig. 4, U^ibers from exporimont No. 7, dipped in^paraffin and 
exposed to 4’^^ C. for nine days. 


Plato II. 

Fig. 6. Tubers’ from experiment No. G of»21si Jannnrv J922, 
exposed to 40° C. for six daj',^. 

Lot I. Inoculated M’itb Hclcrp(htm ^ 

1jo{ it. Punctured, but not inodulated. 

Lot m.^ Not punoCurell, not inoculated. 

Fig. 0. “ BlacTc heart Italian white round potato, 

1. Picked from store. '(This has Fnsarivm dry rot i 

addition.) 

2. From experiment No. G c^f 2l8t JanuaTy 3922, 


Fig, 7. SuscopttbiU{3'<tti^/^^ri?l.p^5^0fl^^ diflerent^varieHes^^ 
of potato, tubers exposed to 42° C, foiKnii^’^ayfl- / 

29K*Ti/m Lulce variotv. 


33 « Queen Ifniy vniloty. 
34«Up-1o-dalV vniiei^? 
30«s Irish Queen varl^^. 
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